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Description

CROSS-REFERENCE TO RELATED APPLICATIONS AND PRIORITY

[0001] The present application claims priority from Indian provisional patent application no. 201821040329, filed on
October 25, 2018.

TECHNICAL FIELD

[0002] The disclosure herein generally relates to field of functionality tests for proprioceptive adaptation, and, more
particularly, to a method and system understanding neural interplay involving proprioceptive adaptation in lower limb
during a dual task paradigm.

BACKGROUND

[0003] Postural stability is an integral component of the motor control and coordination process, carried out by inter-
action within proprioceptive afferents and complex sensory motor actions. Postural instability is one of the prominent
symptom associated with geriatric population and is a major precursor for fall. Use of a dual-task training paradigm to
enhance postural stability in subjects, typically patients, with balance impairments is an emerging area of interest.
Research has been carried out in dual task paradigm to have a better understanding on task prioritization and neural
interplay. Thus, to be more precise and accurate in understanding on task prioritization and neural interplay associated
with a body part of the subject, defining or designing appropriate dual task paradigm in accordance with the body part
to be analyzed is critical. More accurate the understanding of the neural interplay for the tasks to being performed enables
providing right guidance and training to the subject, for example during rehabilitation.
[0004] Dual task paradigm has been studied by researchers to find the effects of distribution of attention or other
cognitive resources in order to perform both tasks efficiently. Typically, dual task involving lower limbs can be either
motor dual task, which requires simultaneous activity of a balance task and any motor task; or cognition dual task, which
integrates postural control with cognitive loading. Both types of dual task are noted as ways of training patients with
neurological damage to recover their motor control ability. As research mentions, a complex dual task, exhibiting coor-
dination between stability and motor action can be represented by the ‘stepping over an obstacle task’. Precise control
of foot trajectory over an obstacle is a skilled motor task, which requires effective sensory motor integration of visual
and proprioceptive input along with information about motor commands. It has been known that adaptation to a new
locomotor skill occurs during repetitive stepping over an obstacle, mostly due to proprioception. Proprioception also
plays an important role in motor skill acquisition
[0005] There has been substantial research on understanding effect of proprioceptive adaptation typically focused on
only upper limb control, effect of postural control during cognitive loading, and collision avoiding strategies involving
visual information storage. Further, the existing research on dual task paradigm often limits to the patient being subjected
to actually performing the dual task under supervision such as in physiotherapy clinics. The requirement of physical
performance such as walking on treadmill while performing second task is not helpful and may be risky with patient
already having the disability to perform. Possibility of hurting the patient or the subject remain high and may not be most
appropriate way to monitor and train a patient.
US 2014/0276130 A1 discloses methods and/or systems for diagnosing, monitoring and/or treating persons at risk for
falling and/or other pathological conditions. In an exemplary embodiment of the invention, people are diagnosed before
they actually start falling. Optionally, the diagnosis includes trying out and identifying one or more fall triggers using
virtual reality tools. Optionally or alternatively, treatment includes training the persons using situations and/or triggers
which are determined to be relevant for that person.
US 2018/0085045A1 discloses a method and system for determining postural balance of the person is provided. The
disclosure provides a single limb stance body balance analysis system which will aid medical practitioners to analyze
crucial factor for fall risk minimization, injury prevention, fitness and rehabilitation. Skeleton data was captured using
Kinect. Two parameters vibration-jitter and force per unit mass (FPUM) are derived for each body part to assess postural
stability during SLS. Further, the vibration and force imposed on each joint a first balance score was quantified. A first
balance score and a second balance are also calculated by combining vibration index and SLS duration to indicate the
postural balance of the person. The vibration index is computed from the vibration profile associated different body
segments.
ALISON R OATES ET AL., discloses the ability to use haptic input through light contact to improve stability while walking
post-stroke is investigated in a virtual environment (VE). Persons with stroke and healthy participants walk in a VE where
they encounter changes in the slope of the support surface. Kinematic, kinetic, and electromyographic data analyses
will be used to show the anticipatory postural adjustments made leading up to and after a transition to a sloped surface.
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Pilot testing shows that the transition to sloped surface is more challenging for the stroke participant tested, as compared
to an age-matched control. Modifications to the current protocol will improve the feasibility of not only task completion
by both healthy and neurologically impaired participants, but also the ability to use and evaluate the use of haptic
information for stability while walking in a VE with slope changes.
MAZUMDER OISHEE ET AL., discloses formulating a posturography stability score for stroke patients using fuzzy logic.
Postural instability is one of the prominent symptoms of stroke, dementia, parkinsons disease, myopathy, etc. and is
the major precursor of fall. Conventional scoring techniques used to assess postural stability require manual intervention
and are dependent on live interaction with physiotherapist. The authors propose a scoring technique to calculate static
stability of a person using posturography features acquired by Kinect sensor, which do not require any manual intervention
or expert guidance, is cost effective and hence are ideal for tele rehabilitation purpose. Stability analysis is done during
Single Limb Stance (SLS) exercise. The kinect sensor is used to calculate three features, namely SLS duration, vibration
index, calculated from mean vibration of twenty joints and sway area of Centre of Mass (CoM). Based on the variation
of these features, a fuzzy rule base is generated which calculates a static stability score. One way analysis of variance
(Anova) between a group of stroke population and healthy individuals under study validates the reliability of the proposed
scorer. Generated fuzzy score are comparable with standard stability scorer like Berg Balance scale and fall risk as-
sessment tool like Johns Hopkins scale. Stability score, besides providing an index of overall stability can also be used
as a fall predictability index.
ROB VAN DER MEER ET AL., discloses Computer Assisted Rehabilitation Environment (CAREN) system that integrates
a training platform (motion base), a virtual environment, a sensor system (motion capture) and D-flow software. It is
useful for both diagnostic and therapeutic use. The human gait pattern can be impaired due to disease, trauma or natural
decline. Gait analysis is a useful tool to identify impaired gait patterns. Traditional gait analysis is a very time consuming
process and therefore only used in exceptional cases. With new systems a quick and extensive analysis is possible and
provides useful tools for therapeutic purposes. The range of systems is described in this paper, highlighting both their
diagnostic use and the therapeutic possibilities. Because wounded warriors often have an impaired gait due to ampu-
tations or other extremity trauma, these systems are very useful for military rehabilitative efforts. Additionally, the virtual
reality environment creates a very challenging situation for the patient, enhancing their rehabilitation experience. For
that reason several armed forces have these systems already in use. The most recent experiences is discussed; including
new developments both in the extension of the range of systems and the improvement and adaptation of the software.
A new and promising development, the use of CAREN in a special application for patients with post-traumatic stress
disorder (PTSD), is also reviewed.

SUMMARY

[0006] Embodiments of the present disclosure present technological improvements as solutions to one or more of the
above-mentioned technical problems recognized by the inventors in conventional systems. The invention is defined by
the appended claims.
[0007] A processor implemented method for understanding neural interplay involving proprioceptive adaptation during
a dual task paradigm, the method comprising: monitoring, by one or more hardware processors, a subject performing
the dual task paradigm, wherein the dual task paradigm is performed by the subject with a lower limb, from both limbs
of the subject, at predefined intervals for a predefined time period for understanding the neural interplay involving
proprioceptive adaptation in the lower limb of the subject while performing the dual task paradigm. The dual task paradigm
comprises simulating integration of a Single Limb Stance (SLS) functionality test for postural stability and a single limb
collision avoidance task, in an adaptive Virtual Reality (VR) environment provided to the subject, wherein the subject is
positioned on an object in the VR environment equipped with one of a VR head set for immersive environment and a
display screen for non-immersive environment, Electromyography (EMG) sensors placed on muscles associated with
ankle joints of both limbs of the subject, and wherein motion of the subject while performing the dual task paradigm is
sensed using a set of motion sensors placed at a predefined distance from the object. Further, the method comprises
receiving, by the one or more hardware processors, data associated with the subject performing the dual task paradigm,
wherein the data comprises metadata of an avatar of the subject from the VR head set, data from the EMG sensors and
data from the set of motion sensors, to estimate a plurality of model parameters for the subject, wherein the plurality of
model parameters comprise a Centre of Mass (CoM) sway, a collision rate, a trajectory smoothness variation and a
muscle co-activation of the subject for the dual task paradigm. Furthermore, the method comprises analyzing, by the by
one or more hardware processors, variation in the CoM sway, the collision rate, the trajectory smoothness variation and
the muscle co-activation estimated for the subject in accordance with the dual task paradigm performed by the subject
at the predefined intervals for the predefined time period to understand the neural interplay involving proprioceptive
adaptation in the lower limb during the dual task paradigm, wherein analysis provides a task that subject prioritizes
among postural stability and collision avoidance in the dual task paradigm.
[0008] In another aspect, there is provided a system for understanding neural interplay involving proprioceptive ad-
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aptation during a dual task paradigm. The system comprises a memory storing instructions; one or more Input/Output
(I/O) interfaces; and one or more hardware processors coupled to the memory via the one or more communication
interfaces, wherein the one or more hardware processors are configured by the instructions to monitor a subject per-
forming the dual task paradigm, wherein the dual task paradigm is performed by the subject with a lower limb, from both
limbs of the subject, at predefined intervals for a predefined time period for understanding the neural interplay involving
proprioceptive adaptation in the lower limb of the subject while performing the dual task paradigm. The dual task paradigm
comprises: simulating integration of a Single Limb Stance (SLS) functionality test for postural stability and a single limb
collision avoidance task, in an adaptive Virtual Reality (VR) environment provided to the subject, wherein the subject is
positioned on an object in the VR environment equipped with one of a VR head set for immersive environment and a
display screen for non-immersive environment, Electromyography (EMG) sensors placed on muscles associated with
ankle joints of both limbs of the subject, and wherein motion of the subject while performing the dual task paradigm is
sensed using a set of motion sensors placed at a predefined distance from the object. Furthermore, the one or more
hardware processors are configured to receive data associated with the subject performing the dual task paradigm,
wherein the data comprises metadata of an avatar of the subject from the VR head set, data from the EMG sensors and
data from the set of motion sensors, to estimate a plurality of model parameters for the subject, wherein the plurality of
model parameters comprise a Centre of Mass (CoM) sway, a collision rate, a trajectory smoothness variation and a
muscle co-activation of the subject for the dual task paradigm. Furthermore, analyze variation in the CoM sway, the
collision rate, the trajectory smoothness variation and the muscle co-activation estimated for the subject in accordance
with the dual task paradigm performed by the subject at the predefined intervals for the predefined time period to
understand the neural interplay involving proprioceptive adaptation in the lower limb during the dual task paradigm,
wherein analysis provides a task that subject prioritizes among postural stability and collision avoidance in the dual task
paradigm.
[0009] In yet another aspect, there are provided one or more non-transitory machine readable information storage
mediums comprising one or more instructions which when executed by one or more hardware processors causes a
method for monitoring a subject performing the dual task paradigm, wherein the dual task paradigm is performed by the
subject with a lower limb, from both limbs of the subject, at predefined intervals for a predefined time period for under-
standing the neural interplay involving proprioceptive adaptation in the lower limb of the subject while performing the
dual task paradigm. The dual task paradigm comprises simulating integration of a Single Limb Stance (SLS) functionality
test for postural stability and a single limb collision avoidance task, in an adaptive Virtual Reality (VR) environment
provided to the subject, wherein the subject is positioned on an object in the VR environment equipped with one of a
VR head set for immersive environment and a display screen for non-immersive environment, Electromyography (EMG)
sensors are placed on muscles associated with ankle joints of both limbs of the subject, and wherein motion of the
subject while performing the dual task paradigm is sensed using a set of motion sensors placed at a predefined distance
from the object. Further, the method comprises receiving data associated with the subject performing the dual task
paradigm, wherein the data comprises metadata of an avatar of the subject from the VR head set, data from the EMG
sensors and data from the set of motion sensors, to estimate a plurality of model parameters for the subject, wherein
the plurality of model parameters comprise a Centre of Mass (CoM) sway, a collision rate, a trajectory smoothness
variation and a muscle co-activation of the subject for the dual task paradigm. Furthermore, the method comprises
analyzing variation in the CoM sway, the collision rate, the trajectory smoothness variation and the muscle co-activation
estimated for the subject in accordance with the dual task paradigm performed by the subject at the predefined intervals
for the predefined time period to understand the neural interplay involving proprioceptive adaptation in the lower limb
during the dual task paradigm, wherein analysis provides a task that subject prioritizes among postural stability and
collision avoidance in the dual task paradigm.
[0010] It is to be understood that both the foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated in and constitute a part of this disclosure, illustrate ex-
emplary embodiments and, together with the description, serve to explain the disclosed principles:

FIG. 1 illustrates an exemplary block diagram of a system for understanding neural interplay involving proprioceptive
adaptation in a lower limb during a dual task paradigm, in accordance with an embodiment of the present disclosure.
FIG. 2 illustrates an exemplary flow diagram of a method, implemented by the system of FIG. 1, for understanding
the neural interplay involving proprioceptive adaptation in the lower limb during the dual task paradigm, in accordance
with an embodiment of the present disclosure.
FIG. 3 illustrates an example Virtual Reality (VR) environment of system of FIG. 1 for understanding the neural
interplay involving proprioceptive adaptation in the lower limb during the dual task paradigm, in accordance with an



EP 3 644 322 B1

5

5

10

15

20

25

30

35

40

45

50

55

embodiment of the present disclosure.
FIG. 4A through FIG. 4C illustrate sequence of action of an avatar of a subject performing the dual task paradigm,
in accordance with an embodiment of the present disclosure.
FIG. 5 is a graph illustrating analysis of a smoothness function on trajectory response during the dual task paradigm
performed by the subject, in accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] Exemplary embodiments are described with reference to the accompanying drawings. In the figures, the left-
most digit(s) of a reference number identifies the figure in which the reference number first appears. Wherever convenient,
the same reference numbers are used throughout the drawings to refer to the same or like parts.
[0013] A dual task paradigm which can simulate the effect of collision avoidance as well as maintaining postural
stability, is not a strong focusses area of research. Given the prominent role of proprioceptive feedback in motor control,
it may be expected that the acquisition of skilled motor performance, like collision avoidance could be related to lower
limb proprioceptive sense. Collision avoidance and postural stability adjustment may provide an effective dual task
paradigm to understand the effect of proprioceptive adaptation on balance control.
[0014] Embodiments of the present disclosure provide methods and systems for understanding neural interplay in-
volving proprioceptive adaptation in a lower limb during a dual task paradigm. The disclosed method provides a better
understanding of the neuronal mechanisms underlying adaptation and learning of skilled motor movement and to de-
termine the relationship of lower limb proprioceptive sense and postural stability by simulating integration of a Single
Limb Stance (SLS) functionality test for postural stability and a single limb collision avoidance task, in an adaptive Virtual
Reality (VR) environment provided to a subject. The subject performing the task at predefined intervals for a predefined
time period is monitored. A plurality of model parameters comprising a Centre of Mass (CoM) sway, a collision rate, a
trajectory smoothness variation, a muscle co-activation and the like are estimated for the subject in accordance with the
dual task paradigm performed by the subject at the predefined intervals for the predefined time period. Analysis of
variation in the model parameters over the predefined time period is performed, which enables understanding the neural
interplay involving proprioceptive adaptation in the lower limb. The analysis enables to identify a task that subject prioritizes
among postural stability and collision avoidance in the dual task paradigm. Thus, to understand the neural interplay
between maintaining postural stability and acquiring a skilled motor task in terms of collision avoidance, the method
discloses a VR game, designed as the dual task paradigm. The game is played using a set of motion sensors such as
Microsoft Kinect ™ and the VR environment such as provided by a Google VR ™ box. In an embodiment, the game may
be played without a VR head set with game being displayed on a large screen in front of the subject.
[0015] Referring now to the drawings, and more particularly to FIGS. 1 through 5, where similar reference characters
denote corresponding features consistently throughout the figures, there are shown preferred embodiments and these
embodiments are described in the context of the following exemplary system and/or method.
[0016] FIG. 1 illustrates an exemplary block diagram of a system 100 for understanding the neural interplay involving
proprioceptive adaptation in the lower limb during the dual task paradigm, in accordance with an embodiment of the
present disclosure. In an embodiment, the system 100 includes one or more processors 104, communication interface
device(s) or input/output (I/O) interface(s) 106, and one or more data storage devices or memory 102 operatively coupled
to the one or more processors 104. The one or more processors 104 may be one or more software processing modules
(not shown) and/or one or more hardware processors as shown in FIG. 1. In an embodiment, the hardware processors
can be implemented as one or more microprocessors, microcomputers, microcontrollers, digital signal processors,
central processing units, state machines, logic circuitries, and/or any devices that manipulate signals based on operational
instructions. Among other capabilities, the hardware processor(s) 104 is configured to fetch and execute computer-
readable instructions stored in the memory 102. In an embodiment, the system 100 can be implemented in a variety of
computing systems, such as laptop computers, notebooks, hand-held devices, workstations, mainframe computers,
servers, a network cloud and the like.
[0017] The I/O interface device(s) 106 can include a variety of software and hardware interfaces, for example, a web
interface, a graphical user interface, and the like and can facilitate multiple communications within a wide variety of
networks N/W and protocol types, including wired networks, for example, LAN, cable, etc., and wireless networks, such
as WLAN, cellular, or satellite. In an embodiment, the I/O interface device(s) can include one or more ports for connecting
a number of devices such as to a VR for immersive environment and a display screen for non-immersive environment,
Electromyography (EMG) sensors, a set of motion sensors and the like. The I/O interfaces 106 also enables communi-
cation of the system 100 with a server.
[0018] The memory 102 may include any computer-readable medium known in the art including, for example, volatile
memory, such as static random access memory (SRAM) and dynamic random access memory (DRAM), and/or non-
volatile memory, such as read only memory (ROM), erasable programmable ROM, flash memories, hard disks, optical
disks, and magnetic tapes. In an embodiment, a plurality of modules 108 can be stored in the memory 102, wherein the
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modules 108 may comprise a model parameter estimation module 110 and a user interaction module 112. The model
parameter estimation module 110, when executed by the one or more processors (one or more hardware processors)
104, can be configured to perform estimation and analysis of the plurality of model parameters for the understanding
neural interplay involving proprioceptive adaptation in the lower limb of the subject during the dual task paradigm. The
user interaction module 112 , when executed by the one or more processors (one or more hardware processors) 104,
can be configured to instruct and guide the subject with steps for performing the dual task paradigm and provide instant
feedback based on current performance of the subject. The functions of the model parameter estimation module 110
and the user interaction module 112 are explained in conjunction with FIG. 2, FIG. 3 and FIG. 4. The memory 102 may
further comprise information pertaining to input(s)/output(s) of each step performed by model parameter estimation
module 110 and the user interaction module 112 and other modules ( not shown) of the system 100 and methods of the
present disclosure. For example, the memory may store the estimated values of the plurality of model parameters
comprising the CoM sway, the collision rate, the trajectory smoothness variation, the muscle co-activation and the like
and also the analysis performed based on the variation observed in the model parameters. The system 100, through
the I/O interface 106 may be coupled to external data sources.
[0019] FIG. 2 illustrates an exemplary flow diagram of a method 200, implemented by the system of FIG. 1, for
understanding the neural interplay involving proprioceptive adaptation in the lower limb during the dual task paradigm,
in accordance with an embodiment of the present disclosure. In an embodiment, the system(s) 100 comprises one or
more data storage devices or the memory 102 operatively coupled to the one or more hardware processors 104 and is
configured to store instructions for execution of steps of the method 200 by the one or more processors 104 in conjunction
with various modules such as the model parameter estimation module 110 and the user interaction module 112 of the
modules 108. The steps of the method 200 of the present disclosure will now be explained with reference to the com-
ponents of the system 100 as depicted in FIG. 1, and the steps of flow diagram as depicted in FIG. 2. Although process
steps, method steps, techniques or the like may be described in a sequential order, such processes, methods and
techniques may be configured to work in alternate orders. In other words, any sequence or order of steps that may be
described does not necessarily indicate a requirement that the steps be performed in that order. The steps of processes
described herein may be performed in any order practical. Further, some steps may be performed simultaneously.
[0020] In an embodiment, prior to estimation and analysis for the plurality of model parameters, a subject 302 is
instructed to understand the dual paradigm task (game) to be performed in the VR environment 300 as depicted in FIG.
3. The user interaction module 112 is configured to instruct the subject to be monitored while performing the dual task
paradigm. The subject 302 is instructed to stand on an object with both limbs (alternatively referred as both lower limbs)
of the subject resting on the object. The subjects rest position is as depicted in FIG. 4A with an avatar of the subject 302
displayed on the VR headset or the display screen. Further, the user interaction module 112 is configured to display a
trail of control lines and obstacles of a predefined height approaching the avatar in the VR environment 300 the subject
302, wearing a VR head set 304 (for example, Google VR ™ box), as depicted in FIG. 4B. In an embodiment, when
opted for non-immersive environment by the subject 302, the user interaction module is configured to display the trail
of control lines and the obstacles on the display screen such as a large TV screen (not shown). Further, the subject is
instructed to lift the lower limb for a SLS posture when both limbs of the avatar touch a control line in the approaching
trail. The subject 302 is instructed to hold the SLS posture till an obstacle in the trail is crossed over by the avatar, as
depicted in FIG. 4C. Further, the subject 302 is instructed to perform the task for a predefined time interval (for example
say 15 minutes every day) and asked to repeat the dual task paradigm for a predefined period (for example, 5 days).
During the dual task paradigm, the user interaction module 112 is configured to notify the subject 302 of success or
failure in maintaining the SLS posture and crossing of the obstacle. The subject 302 is also provided with a feedback
for corrective action improve the collision avoidance in the SLS posture in real time. For example, if the subject’s limb
(leg) touches the virtual object or obstacle ( herein wall", the obstacles visual appearance as seen by the subject changes,
for example, the obstacle color changes can from green to red. Thus change in visual appearance, for example herein
change in color, is a feedback indication of subject’s own action. This indicates the subject to correct his action, from
next step onward, such as further lifting the leg a bit more to avoid the obstacle.
[0021] Thus, the subject 302 acts as an avatar in the VR game and performs a single leg collision avoidance task
while maintaining stability in the SLS posture. During this event, model parameters like the trajectory of the limb used
to avoid obstacle, body sway (CoM sway), number of collision, and muscle activity of two specific muscles, naming
Tibialis Anterior (TA) and Lateral Gastrocnemius (LG) are acquired and processed to extract information related to
postural stability, proprioceptive action and rate of learning and adaptation.
[0022] The FIG. 4A through FIG. 4C illustrate sequence of action of the avatar of the subject 302 performing the dual
task paradigm. For example an adaptive VR based training task is developed using cross platform game engine Unity
5.5.1f1. The environment depicts SLS functional task to highlight the postural stability variation. The SLS functional task,
interchangeably referred as SLS test, provides a quick, reliable and easy method to assess static stability, fall risk and
functional evaluation of geriatric population. The Google VR ™ and headphones are used to produce the visceral feeling
of actually being in the simulated world by placing the subject 302 in a 3D environment. The immersive environment is
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created by surrounding the subject of the VR system with the avatar, a 3D space containing various components which
work as visual cues to users to perform the task, and sound that provide an absorbing environment.
[0023] For example, a game, simulating the designed dual task paradigm, integrates the collision avoidance task while
maintaining balance in SLS posture. In the VR environment 300, subject 302 stands in front of a large display floor on
an object ( for example, an instructed mat or simply referred as mat). A ‘control line’ (dotted and dashed line in FIG 4A
and FIG. 4B) and obstacle (in shape of say ’wall’ with ’X color’) at a height of 35 cm, appear moving towards the subject
302. The control line generates sound when it touches feet (limbs) of the subject’s 302, instructing the subject 302 to
uplift say right leg according to SLS posture. Subject 302, needs to perceive the wall (obstacle) height and hold his/her
position until the wall crosses the avatar. The uplifted leg (limb in SLS posture) is tracked whether it hits the ’wall’ or not.
In case of a correct avoidance of obstacle, the wall color remains ’X color’, indicating one successful run. If collision
occurs, color of the wall changes to ’Y color’, guiding the subject about the result and helping to form a neural inference
in terms of motor learning to modify its action in subsequent trials.
[0024] Advantage of the disclosed dual task paradigm designed to be performed in the VR environment is that there
is no hard and fast requirement of an expert to be around as the dual paradigm task is a game to be played in VR
environment, wherein the subject is monitored by estimating the plurality of model parameters, which are also recorded
for any future analysis by the expert. The improvement in subject’s performance can be analyzed from the estimated
plurality of model parameters. Further, post analysis from an expert the difficulty level of the dual paradigm task (game)
can be increased to further train the subject. For example, the difficulty level can be increase by randomizing the
occurrence and height of the obstacle.
[0025] Monitoring the subject, and estimation of model parameters can be performed in real time for instantaneous
report provided to an expert. For understanding the neural interplay involving proprioceptive adaptation in the lower limb
of the subject while performing the dual task paradigm, in an embodiment, at step 202 of the method 200, the parameter
estimation module 110 is configured to monitor the subject 302 performing the dual task paradigm. The dual task paradigm
is performed by the subject at the predefined intervals for the predefined time period. The dual task paradigm comprises
simulating integration of the SLS functionality test for postural stability and a single limb collision avoidance task, in an
adaptive Virtual Reality (VR) environment 300 provided to the subject 302. The subject 302 is positioned on the object
in the VR environment wearing the VR head set 304, Electromyography (EMG) sensors 308 placed on muscles associated
with ankle joints of both limbs of the subject 302. Further, data associated with motion of the subject while performing
the dual task paradigm is sensed using a set of motion sensors 306 (for example, Microsoft Kinect ™) placed at a
predefined distance from the mat. For each predefined time interval, at step 204 of the method 200, the model parameter
estimation module 110 is configured to receive data associated with the subject 302 performing the dual task paradigm.
In example herein, when using the Kinect ™ sensors, the predefined distance is about 182.88 centimeters. The data
comprises metadata of the avatar of the subject 302 from the VR head set 304, data from the EMG sensors 308 and
data from the set of motion sensors 306, used to estimate the plurality of model parameters for the subject 302.
[0026] Estimation of the plurality of model parameters comprising the CoM sway, the collision rate, the trajectory
smoothness variation and the muscle co-activation of the subject 302 for the dual task paradigm is described below.

1) Sway analysis: Postural stability and sway are highly correlated parameters. Numerous experimental studies
suggest that subjects who exhibit larger sway during quiet standing have poorer postural stability. The set of motion
sensors 306 (for example, Kinect ™ V2) records 3D spatio temporal information of twenty five joints of the subject
302 during the dual task paradigm. The acquired joint information is filtered using Multivariate de-noising, which
implements a procedure combining wavelet transform and Principal component analysis (PCA). The CoM sway is
calculated using statistically equivalent serial chain (SESC) model. Shoulder center and hip center of a Kinect ™
skeleton is considered as the start and end point of the serial chain. Midpoint of this chain is estimated to be the
body CoM. Projection of the estimated CoM is equivalent to body sway. Sway area is calculated using convex hull
algorithm on the estimated CoM variations during SLS.
2) Trajectory smoothness variation: It has been hypothesized that the trajectory of the limb, which is performing the
collision avoidance task, and SLS improves due to the proprioceptive adaptation over trials. The slow and fast
varying components of spatio temporal trajectory of 3D knee coordinates contain information associated with visually
guided proprioceptive learning of neural states. The disclosed method 200 determines slow and fast varying fluc-
tuation components in a knee trajectory as depicted in the graph of FIG. 5 and tracks them over trials, which provides
information about the degree of discomfort and learning time. Spatio-temporal variation in knee coordinates (forming
the trajectory) with respect to Hip center coordinates is analyzed. In order to find the fast varying components, the
data yi(t) representing the difference between knee Y coordinates (in Y direction) with respect to Hip-center’s Y
coordinates at time t (where t ∈ [0, T] and T = one trial interval for trial i(≤ N) are converted into functional form,
which generates a functional series {ti,yi(t)}, ∀i = 1.... N where 
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Where εt,i independent and identically distributed standard normal random variable and σi(t) allows for the amount
of noise to vary with t. In equation 2 below, f(t)is approximated as linear combination of a set of K basis functions
φkt and is expressed as: 

[0027] The coefficients ak is determined by minimizing the objective function shown in (3) using iterative optimization: 

where, PEN(f)is a measure of roughness and is defined as  , λis the smoothing parameter to balance
the fitting. Since in this case, observed data sequence (raw signal) for any trial is aperiodic in nature, the signal is
converted into functional form using a set of 300 B-spline basis functions of order 5. Order has been selected heuristically.
High frequency fluctuation in the data is obtained by setting λ = 102. Change in trajectory variation over trial time thus
can be assumed as the measure of neural intervention and adaptation due to the designed proprioception. The graph
on the FIG. 5 shows the smoothed trajectory response during the dual task.
3) Muscle co-activation or EMG co-activation is the simultaneous activation of agonist and antagonist muscle groups
around a joint. Muscle co-activation modulates the impedance of a joint, mainly stabilizing the joint. Co-activation of
antagonist muscles is observed in motor learning. Previous researches have shown that co-activation of muscles declines
as learning progresses, both when subjects learn stable as well as unstable dynamical tasks. The muscle co-activation
around the ankle joint of both the limbs are acquired using the EMG sensors 308, for example Delsys™ EMG sensors,
placed over A and LG muscle. Raw EMG signals are acquired at 1000 Khz frequency. Moving window RMS (Root Mean
Square) technique as in equation 4 below is applied to compute RMS for each successive incoming EMG data sample
with 200 millisecond (ms) overlapping window after bias correction. 

where, N specifies the window length and xi is the instantaneous, amplitude of raw EMG value at the ith sample. Ratio
between EMG RMS acquired from TA and LG muscle over the trial periods generate the co-activation function.
[0028] At step 206 of the method 200, the model parameter estimation module 110 is configured to analyze variation
in the CoM sway, the collision rate, the trajectory smoothness variation and the muscle co-activation estimated for the
subject in accordance with the dual task paradigm performed by the subject at the predefined intervals for the predefined
time period to understand the neural interplay involving proprioceptive adaptation in the lower limb during the dual task
paradigm. The analysis to identify variation can be performed automatically wherein a submodule in the model parameter
estimation module follows instructions that interpret the variations as defined by an expert. For example, based on record
of subject’s previous performance on the similar task, the improvement in term of model parameters can be identified
automatically. The automated analysis may be further confirmed with the expert prior to further usage. The analysis
enables interpreting of the task that subject prioritizes among postural stability and collision avoidance in the dual task
paradigm. Further the analyzed variation in the CoM sway, the collision rate, the trajectory smoothness variation and
the muscle co-activation providing interpreting of the neural interplay involving proprioceptive adaptation in the lower
limb of the subject is used to design personalized rehabilitation therapy for the subject.
[0029] RESULTS AND DISCUSSIONS: The CoM Sway, the collision rate, the trajectory smoothness variation and
the muscle co-activation of five subjects under study are analyzed for change in these parameters over trial as well as
role of retention and habituation of the proprioceptive effect over a span of four days.
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[0030] Table 1 shows the variation of learning or adaptation parameters and body sway over the trial period. 60 cycle
trial period has been divided in to three groups, named I, II and III of 20 trials each to understand the effect of proprioception,
as number of trials increase and the subject becomes more habituated with the dual task paradigm. As hypothesized,
variation in trajectory decreases over trial period in all subjects, indicating the effect of learning and adaptation to suit
the purpose of the skilled motor activity. Number of collision also decreases over the trial period, the most number of
collision occurring during the initial trials and progressively decrease as number of trials increases. EMG co-activation
of the associated ankle muscle of the limb undergoing SLS and collision avoidance shows a progressive decrease in
their value, indicating the effect of learning and ankle adaptation. The adaptation is evident after 15 to 20 trial cycles
and remain fixed thereafter. Co-activation of the other limb however shows no evident change in muscle activity as there
is no learning or adaptation strategy to be followed. This limb supports the body mass when the other limb is adapting
to the changes, hence the activation may increase as trial increases. The sway parameter on the other hand do not
follow any predictable trend during the course of trial. Sway indicates the postural stability adjustment that the subject
makes during the course of experiment to maintain their balance. In the dual task of maintaining stability and avoiding
collision, neural control prioritizes balance over occurrence of collision in virtual environment.
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[0031] Table 2 shows the effect of retention of proprioceptive adaptation over a span of four days. Smoothness variation,
sway and number of collision has been analyzed for all five subjects for four days of trial period (D1, D2, D3, and D4).
There is an evident change in trajectory smoothness parameter, variation of which decreases as the subject becomes
more habituated with the experiment on a daily basis. This indicates that information about the trajectory response is
retained with the help of proprioception. Sway area shows no evident pattern, again indicating that neural control re-
invests separately for maintaining postural control and its priority is higher in dual task paradigm. Number of collision
also decreases as the subject becomes more adapted over the durations. However, rate of collision and trajectory
smoothness is not directly correlated. Collision avoidance is less prioritized if postural instability creeps in. So, even if
the trajectory response is optimized to avoid collision, if the body sway increase, chance of collision will also increase.
[0032] The method thus provides the dual task paradigm designed in the VR environment, which has least risk of any
damage to the subject during the test as he/she does not have physically walk on a treadmill, or in case he /she loses
the balance in the SLS posture or while crossing the obstacle hurt does not in reality fall over the obstacle, but on the
object where he/ she performs the task. Further, unlike conventional methods where such tasks require supervision,
and need to be often performed ant specific clinics, the method and system disclosed does not necessarily require
assistance to perform the dual task paradigm and receives feedback to improve the task performed. The designed dual
task paradigm simulated in in the VR environment is typically important when subject being monitored is already disabled
or aged. Thus, the designed game for the dual task paradigm provides a more comfortable test platform. The dual task
paradigm in VR incorporates the dynamicity of real time. Here, the subject needs to step over by avoiding obstacle
(without touching the wall in VR game) while he is in single limb stance (SLS) and in motion virtually. In this design, the
difficulty of adaptation can be increased by increasing the height, speed of the obstacle and speed of virtual path (where
subject stands). So, parameters of obstacle (speed, height) and duration of SLS can be varied according to patient
requirement. Therefore, the subject with postural instability, can be monitored thoroughly at home rather than visiting a
dedicated lab set up.
[0033] Furthermore, the disclosed VR game (the disclosed dual task paradigm) can be played with or without the VR
head set. For the geriatric population, wearing the VR head for an immersive experience sometimes for some subjects
might create difficulties, as the VR headset is bit heavy and can generate motion sickness. So, in such scenarios, the
subject can opt for the non-immersive environment without VR headset. In the non-immersive environment, the subject
can observe or look at his/her avatar on a display screen such as a large computer display or a TV display. The subject
can continue with the game observing the display screen and to perform the dual task paradigm. In this scenario, two
game applications for the dual task paradigm to be performed may run in parallel one or a server and another on a
personal device of the subject. For example, one is server application, which takes input from the set of sensors (Kinect
™), while another is client application, which is deployed on mobile phone or desktop (personal device). The client
application can then obtain data corresponding to the set of sensors (for example, Kinect ™ data) through server appli-
cation running on the server.
[0034] In another use case scenario, the disclosed method can be applied for sports scenario such as ’running’
capability of a sport person recovering from injury, wherein ’running’ can be looked upon as a series of single limb squat
jump, which occurs repetitively and quickly. Here, if there is a requirement of SLS testing for the person, then person
may be asked play the game or perform the dual task paradigm as disclosed in the VR environment. If, the person can
do it efficiently, he/she will be ready for on ground testing.
[0035] The written description describes the subject matter herein to enable any person skilled in the art to make and
use the embodiments. The scope of the subject matter embodiments is defined by the claims.
[0036] It is to be understood that the scope of the protection is extended to such a program and in addition to a
computer-readable means having a message therein; such computer-readable storage means contain program-code
means for implementation of one or more steps of the method, when the program runs on a server or mobile device or

Table2:

Smoothness variation Sway (mm) Collision

Subj ect (Yrs) D1 D2 D3 D4 D1 D2 D3 D4 D1 D2 D3 D4

S1-38M 43 36 22 20 19.5 20.93 36.36 30.34 12 9 9 11

S2-30F 28 23 20 16 32.91 33.22 35.16 43.10 11 8 9 9

S3-29M 38 31 24 17 20.44 17.73 19.23 18.41 14 6 6 2

S4-36M 43 31 33 21 14.58 18.63 17.49 19.46 32 28 14 12

S5-33M 28 24 24 23 25.45 29.59 39.74 27.31 19 17 7 4
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any suitable programmable device. The hardware device can be any kind of device which can be programmed including
e.g. any kind of computer like a server or a personal computer, or the like, or any combination thereof. The device may
also include means which could be e.g. hardware means like e.g. an application-specific integrated circuit (ASIC), a
field-programmable gate array (FPGA), or a combination of hardware and software means, e.g. an ASIC and an FPGA,
or at least one microprocessor and at least one memory with software modules located therein. Thus, the means can
include both hardware means and software means. The method embodiments described herein could be implemented
in hardware and software. The device may also include software means. Alternatively, the embodiments may be imple-
mented on different hardware devices, e.g. using a plurality of CPUs.
[0037] The embodiments herein can comprise hardware and software elements. The embodiments that are imple-
mented in software include but are not limited to, firmware, resident software, microcode, etc. The functions performed
by various modules described herein may be implemented in other modules or combinations of other modules. For the
purposes of this description, a computer-usable or computer readable medium can be any apparatus that can comprise,
store, communicate, propagate, or transport the program for use by or in connection with the instruction execution
system, apparatus, or device.
[0038] The illustrated steps are set out to explain the exemplary embodiments shown, and it should be anticipated
that ongoing technological development will change the manner in which particular functions are performed. These
examples are presented herein for purposes of illustration, and not limitation. Further, the boundaries of the functional
building blocks have been arbitrarily defined herein for the convenience of the description. Alternative boundaries can
be defined so long as the specified functions and relationships thereof are appropriately performed. Alternatives (including
equivalents, extensions, variations, deviations, etc., of those described herein) will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein. Also, the words "comprising," "having," "containing," and "in-
cluding," and other similar forms are intended to be equivalent in meaning and be open ended in that an item or items
following any one of these words is not meant to be an exhaustive listing of such item or items, or meant to be limited
to only the listed item or items. It must also be noted that as used herein and in the appended claims, the singular forms
"a," "an," and "the" include plural references unless the context clearly dictates otherwise.
[0039] Furthermore, one or more computer-readable storage media may be utilized in implementing embodiments
consistent with the present disclosure. A computer-readable storage medium refers to any type of physical memory on
which information or data readable by a processor may be stored. Thus, a computer-readable storage medium may
store instructions for execution by one or more processors, including instructions for causing the processor(s) to perform
steps or stages consistent with the embodiments described herein. The term "computer-readable medium" should be
understood to include tangible items and exclude carrier waves and transient signals, i.e., be non-transitory. Examples
include random access memory (RAM), read-only memory (ROM), volatile memory, nonvolatile memory, hard drives,
CD ROMs, DVDs, flash drives, disks, and any other known physical storage media.

Claims

1. A processor implemented method for estimating neural interplay of a subject, wherein the neural interplay involves
proprioceptive adaptation of the subject during a dual task paradigm, the method comprising:

monitoring, by one or more hardware processors (104), the subject performing the dual task paradigm, wherein
the dual task paradigm is performed by the subject with a lower limb, from both limbs of the subject, at predefined
intervals for a predefined time period for estimating the neural interplay involving proprioceptive adaptation in
the lower limb of the subject while performing the dual task paradigm (202),
wherein the dual task paradigm comprises:

simulating integration of a Single Limb Stance (SLS) functionality test for postural stability and a single limb
collision avoidance task, in an Virtual Reality (VR) environment provided to the subject, wherein the subject
is positioned on an object in a monitoring environment, wherein the subject is equipped with one of a VR
head set for immersive environment and a display screen for non-immersive environment, Electromyography
(EMG) sensors placed on muscles associated with ankle joints of both limbs of the subject, and wherein
motion of the subject while performing the dual task paradigm is sensed using a set of motion sensors
placed in the monitoring environment at a predefined distance from the object;
receiving, by the one or more hardware processors (104), data associated with the subject performing the
dual task paradigm, wherein the data comprises metadata of an avatar of the subject from one of the VR
head set when in immersive environment and the display screen when in non-immersive environment, data
from the EMG sensors and data from the set of motion sensors, to estimate a plurality of model parameters
for the subject, wherein the plurality of model parameters comprise a Centre of Mass (CoM) sway, a collision
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rate, a trajectory smoothness variation and a muscle co-activation of the subject for the dual task paradigm
(204); and
estimating, by the by one or more hardware processors (104), neural interplay of the subject based on a
task that subject prioritizes among postural stability and collision avoidance in the dual task paradigm (206),
wherein the task that subject prioritizes is determined based on variation in the CoM sway, the collision
rate, the trajectory smoothness variation and the muscle co-activation estimated for the subject in accord-
ance with the dual task paradigm performed by the subject at the predefined intervals for the predefined
time period.

2. The method of claim 1, wherein the dual task paradigm integrating the SLS functionality test for postural stability
and the single limb collision avoidance task in the VR environment provided to the subject further comprises:

instructing the subject to stand on the object with both the limbs resting on the object;
displaying to the subject, using the VR head set, trail of control lines and obstacles of a predefined height
approaching the avatar in the VR environment;
instructing the subject to lift the lower limb for a SLS posture when both limbs of the avatar touch a control line
in the approaching trail and hold the SLS posture till an obstacle in the trail is crossed over by the avatar; and
notifying the subject of success or failure in maintaining the SLS posture and crossing of the obstacle along
with a feedback to the subject for corrective action improve the collision avoidance in the SLS posture.

3. A system (100) for estimating neural interplay of a subject, wherein the neural interplay involves proprioceptive
adaptation of the subject during a dual task paradigm, the system (100) comprising:

a memory (102) storing instructions;
one or more Input/Output (I/O) interfaces (106); and
one or more hardware processors (104) coupled to the memory (102) via the one or more communication
interfaces (106), wherein the one or more hardware processors (104) are configured by the instructions to:

monitor a subject performing the dual task paradigm, wherein the dual task paradigm is performed by the
subject with a lower limb, from both limbs of the subject, at predefined intervals for a predefined time period
for estimating the neural interplay involving proprioceptive adaptation in the lower limb of the subject while
performing the dual task paradigm,
wherein the dual task paradigm comprises:

simulating integration of a Single Limb Stance (SLS) functionality test for postural stability and a single
limb collision avoidance task, in an Virtual Reality (VR) environment provided to the subject, wherein
the subject is positioned on an object in the a monitoring environment, wherein the subject is equipped
with one of a VR head set for immersive environment and a display screen for non-immersive environ-
ment, Electromyography (EMG) sensors placed on muscles associated with ankle joints of both limbs
of the subject, and wherein motion of the subject while performing the dual task paradigm is sensed
using a set of motion sensors placed in the monitoring environment at a predefined distance from the
object;
receive data associated with the subject performing the dual task paradigm, wherein the data comprises
metadata of an avatar of the subject from one of the VR head set when in immersive environment and
the display screen when in non-immersive environment, data from the EMG sensors and data from the
set of motion sensors, to estimate a plurality of model parameters for the subject, wherein the plurality
of model parameters comprise a Centre of Mass (CoM) sway, a collision rate, a trajectory smoothness
variation and a muscle co-activation of the subject for the dual task paradigm; and
estimate neural interplay of the subject based on a task that subject prioritizes among postural stability
and collision avoidance in the dual task paradigm (206), wherein the task that subject prioritizes is
determined based on variation in the CoM sway, the collision rate, the trajectory smoothness variation
and the muscle co-activation estimated for the subject in accordance with the dual task paradigm
performed by the subject at the predefined intervals for the predefined time period.

4. The system of claim 3, wherein the one or more hardware processors (104) are configured to:

instruct the subject to stand on the object with both the limbs resting on the object;
display to the subject, using the VR head set, trail of control lines and obstacles of a predefined height approaching



EP 3 644 322 B1

13

5

10

15

20

25

30

35

40

45

50

55

the avatar in the VR environment;
instruct the subject to lift the lower limb for a SLS posture when both limbs of the avatar touch a control line in
the approaching trail and hold the SLS posture till an obstacle in the trail is crossed over by the avatar; and
notify the subject of success or failure in maintaining the SLS posture and crossing of the obstacle along with
a feedback to the subject for corrective action improve the collision avoidance in the SLS posture.

5. One or more non-transitory machine readable information storage mediums comprising one or more instructions
which when executed by one or more hardware processors causes a method for:

monitoring a subject performing the dual task paradigm, wherein the dual task paradigm is performed by the
subject with a lower limb, from both limbs of the subject, at predefined intervals for a predefined time period for
estimating neural interplay of the subject, wherein the neural interplay involves proprioceptive adaptation of the
subject in the lower limb of the subject while performing the dual task paradigm,
wherein the dual task paradigm comprises:

simulating integration of a Single Limb Stance (SLS) functionality test for postural stability and a single limb
collision avoidance task, in an Virtual Reality (VR) environment provided to the subject, wherein the subject
is positioned on an object in the a monitoring environment, wherein the subject is equipped with one of a
VR head set for immersive environment and a display screen for non-immersive environment, Electromy-
ography (EMG) sensors placed on muscles associated with ankle joints of both limbs of the subject, and
wherein motion of the subject while performing the dual task paradigm is sensed using a set of motion
sensors placed in the monitoring environment at a predefined distance from the object;
receiving data associated with the subject performing the dual task paradigm, wherein the data comprises
metadata of an avatar of the subject from one of the VR head set when in immersive environment and the
display screen when in non-immersive environment, data from the EMG sensors and data from the set of
motion sensors, to estimate a plurality of model parameters for the subject, wherein the plurality of model
parameters comprise a Centre of Mass (CoM) sway, a collision rate, a trajectory smoothness variation and
a muscle co-activation of the subject for the dual task paradigm; and
estimating neural interplay of the subject based on a task that subject prioritizes among postural stability
and collision avoidance in the dual task paradigm (206), wherein the task that subject prioritizes is determined
based on variation in the CoM sway, the collision rate, the trajectory smoothness variation and the muscle
co-activation estimated for the subject in accordance with the dual task paradigm performed by the subject
at the predefined intervals for the predefined time period.

6. The one or more non-transitory machine readable information storage mediums of claim 5, wherein the dual task
paradigm integrating the SLS functionality test for postural stability and the single limb collision avoidance task in
the VR environment provided to the subject further comprises:

instructing the subject to stand on the object with both the limbs resting on the object;
displaying to the subject, using the VR head set, trail of control lines and obstacles of a predefined height
approaching the avatar in the VR environment;
instructing the subject to lift the lower limb for a SLS posture when both limbs of the avatar touch a control line
in the approaching trail and hold the SLS posture till an obstacle in the trail is crossed over by the avatar; and
notifying the subject of success or failure in maintaining the SLS posture and crossing of the obstacle along
with a feedback to the subject for corrective action improve the collision avoidance in the SLS posture.

Patentansprüche

1. Prozessorimplementiertes Verfahren zum Schätzen eines neuronalen Zusammenspiels eines Subjekts, wobei das
neuronale Zusammenspiel eine propriozeptive Anpassung des Subjekts während eines Doppelaufgabenparadigma
beinhaltet, wobei das Verfahren umfasst:

Überwachen, durch einen oder mehrere Hardwareprozessoren (104), des Subjekts, das das Doppelaufgaben-
paradigma durchführt, wobei das Doppelaufgabenparadigma durch das Subjekt mit einer unteren Gliedmaße,
von beiden Gliedmaßen des Subjekts, in vordefinierten Intervallen für einen vordefinierten Zeitraum zum Schät-
zen des neuronalen Zusammenspiels, das eine propriozeptive Anpassung in der unteren Gliedmaße des Sub-
jekts beinhaltet, während des Durchführens des Doppelaufgabenparadigma (202) durchgeführt wird,
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wobei das Doppelaufgabenparadigma umfasst:

Simulieren der Integration eines SLS-(Single Limb Stance)-Funktionalitätstests für die Haltungsstabilität
und eine Einzelgliedmaßen-Kollisionsvermeidungsaufgabe, in einer VR-(Virtual Reality)-Umgebung, die
dem Subjekt bereitgestellt wird, wobei das Subjekt auf einem Objekt in einer Überwachungsumgebung
positioniert ist, wobei das Subjekt mit einem von einem VR-Headset für eine immersive Umgebung und
einem Anzeigebildschirm für eine nicht-immersive Umgebung, EMG-(Electromyography)-Sensoren, die
auf Muskeln platziert sind, die Knöchelgelenken beider Gliedmaßen des Subjekts zugeordnet sind, ausge-
stattet ist, und wobei die Bewegung des Subjekts während des Durchführens des Doppelaufgabenpara-
digma unter Verwendung eines Satzes von Bewegungssensoren erfasst wird, die in der Überwachungs-
umgebung in einem vordefinierten Abstand vom Objekt platziert sind;
Empfangen, durch den einen oder die mehreren Hardwareprozessoren (104), von Daten, die dem Subjekt
zugeordnet sind, das das Doppelaufgabenparadigma durchführt, wobei die Daten Metadaten eines Avatars
des Subjekts von einem von dem VR-Headset, wenn es sich in einer immersiven Umgebung befindet, und
dem Anzeigebildschirm, wenn es sich in einer nicht-immersiven Umgebung befindet, Daten von den EMG-
Sensoren und Daten von dem Satz von Bewegungssensoren umfassen, um eine Vielzahl von Modellpa-
rametern für das Subjekt zu schätzen, wobei die Vielzahl von Modellparametern eine CoM-(Center of
Mass)-Schwankung, eine Kollisionsrate, eine Trajektorienglättevariation und eine Muskelkoaktivierung des
Subjekts für das Doppelaufgabenparadigma (204) umfasst; und
Schätzen, durch den einen oder die mehreren Hardwareprozessoren (104), eines neuronalen Zusammen-
spiels des Subjekts basierend auf einer Aufgabe, die das Subjekt unter der Haltungsstabilität und der
Kollisionsvermeidung im Doppelaufgabenparadigma (206) priorisiert, wobei die Aufgabe, die das Subjekt
priorisiert, basierend auf der Variation der CoM-Schwankung, der Kollisionsrate, der Trajektorienglätteva-
riation und der Muskelkoaktivierung bestimmt wird, die für das Subjekt gemäß dem Doppelaufgabenpara-
digma, das durch das Subjekt in den vordefinierten Intervallen für den vordefinierten Zeitraum durchgeführt
wird, geschätzt wird.

2. Verfahren nach Anspruch 1, wobei das Doppelaufgabenparadigma, das den SLS-Funktionalitätstest für die Hal-
tungsstabilität und die Einzelgliedmaßen-Kollisionsvermeidungsaufgabe in der VR-Umgebung, die dem Subjekt
bereitgestellt wird, integriert, ferner umfasst:

Anweisen des Subjekts, auf dem Objekt zu stehen, wobei beide Gliedmaßen auf dem Objekt ruhen;
Anzeigen, für das Subjekt, unter Verwendung des VR-Headsets, einer Spur von Steuerleitungen und Hinder-
nissen einer vordefinierten Höhe, die sich dem Avatar in der VR-Umgebung nähern;
Anweisen des Subjekts, die untere Gliedmaße für eine SLS-Haltung anzuheben, wenn beide Gliedmaßen des
Avatars eine Steuerleitung in der sich nähernden Spur berühren, und die SLS-Haltung zu halten, bis ein Hindernis
in der Spur durch den Avatar überquert wird; und
Benachrichtigen des Subjekts über Erfolg oder Misserfolg beim Beibehalten der SLS-Haltung und Überqueren
des Hindernisses zusammen mit einer Rückmeldung an das Subjekt zur Korrekturmaßnahme, um die Kollisi-
onsvermeidung in der SLS-Haltung zu verbessern.

3. System (100) zum Schätzen eines neuronalen Zusammenspiels eines Subjekts, wobei das neuronale Zusammen-
spiel eine propriozeptive Anpassung des Subjekts während eines Doppelaufgabenparadigma beinhaltet, wobei das
System (100) umfasst:

einen Speicher (102), der Anweisungen speichert;
eine oder mehrere Eingabe/Ausgabe(E/A)-Schnittstellen (106); und
einen oder mehrere Hardwareprozessoren (104), die über die eine oder die mehreren Kommunikationsschnitt-
stellen (106) mit dem Speicher (102) gekoppelt sind, wobei der eine oder die mehreren Hardwareprozessoren
(104) durch die Anweisungen konfiguriert sind zum:

Überwachen eines Subjekts, das das Doppelaufgabenparadigma durchführt, wobei das Doppelaufgaben-
paradigma durch das Subjekt mit einer unteren Gliedmaße, von beiden Gliedmaßen des Subjekts, in vor-
definierten Intervallen für einen vordefinierten Zeitraum zum Schätzen des neuronalen Zusammenspiels,
das eine propriozeptive Anpassung in der unteren Gliedmaße des Subjekts beinhaltet, während des Durch-
führens des Doppelaufgabenparadigma durchgeführt wird,
wobei das Doppelaufgabenparadigma umfasst:
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Simulieren der Integration eines SLS-(Single Limb Stance)-Funktionalitätstests für die Haltungsstabi-
lität und eine Einzelgliedmaßen-Kollisionsvermeidungsaufgabe, in einer VR-(Virtual Reality)-Umge-
bung, die dem Subjekt bereitgestellt wird, wobei das Subjekt auf einem Objekt in der Überwachungs-
umgebung positioniert ist, wobei das Subjekt mit einem von einem VR-Headset für eine immersive
Umgebung und einem Anzeigebildschirm für eine nicht-immersive Umgebung, EMG-(Electromyogra-
phy)-Sensoren, die auf Muskeln platziert sind, die Knöchelgelenken beider Gliedmaßen des Subjekts
zugeordnet sind, ausgestattet ist, und wobei die Bewegung des Subjekts während des Durchführens
des Doppelaufgabenparadigma unter Verwendung eines Satzes von Bewegungssensoren erfasst wird,
die in der Überwachungsumgebung in einem vordefinierten Abstand vom Objekt platziert sind;
Empfangen von Daten, die dem Subjekt zugeordnet sind, das das Doppelaufgabenparadigma durch-
führt, wobei die Daten Metadaten eines Avatars des Subjekts von einem von dem VR-Headset, wenn
es sich in einer immersiven Umgebung befindet, und dem Anzeigebildschirm, wenn es sich in einer
nicht-immersiven Umgebung befindet, Daten von den EMG-Sensoren und Daten von dem Satz von
Bewegungssensoren umfassen, um eine Vielzahl von Modellparametern für das Subjekt zu schätzen,
wobei die Vielzahl von Modellparametern eine CoM-(Center of Mass)-Schwankung, eine Kollisionsrate,
eine Trajektorienglättevariation und eine Muskelkoaktivierung des Subjekts für das Doppelaufgaben-
paradigma umfasst; und
Schätzen eines neuronalen Zusammenspiels des Subjekts basierend auf einer Aufgabe, die das Sub-
jekt unter der Haltungsstabilität und der Kollisionsvermeidung im Doppelaufgabenparadigma (206)
priorisiert, wobei die Aufgabe, die das Subjekt priorisiert, basierend auf der Variation der CoM-Schwan-
kung, der Kollisionsrate, der Trajektorienglättevariation und der Muskelkoaktivierung bestimmt wird,
die für das Subjekt gemäß dem Doppelaufgabenparadigma, das durch das Subjekt in den vordefinierten
Intervallen für den vordefinierten Zeitraum durchgeführt wird, geschätzt wird.

4. System nach Anspruch 3, wobei der eine oder die mehreren Hardwareprozessoren (104) konfiguriert sind zum:

Anweisen des Subjekts, auf dem Objekt zu stehen, wobei beide Gliedmaßen auf dem Objekt ruhen;
Anzeigen, für das Subjekt, unter Verwendung des VR-Headsets, einer Spur von Steuerleitungen und Hinder-
nissen einer vordefinierten Höhe, die sich dem Avatar in der VR-Umgebung nähern;
Anweisen des Subjekts, die untere Gliedmaße für eine SLS-Haltung anzuheben, wenn beide Gliedmaßen des
Avatars eine Steuerleitung in der sich nähernden Spur berühren, und die SLS-Haltung zu halten, bis ein Hindernis
in der Spur durch den Avatar überquert wird; und
Benachrichtigen des Subjekts über Erfolg oder Misserfolg beim Beibehalten der SLS-Haltung und Überqueren
des Hindernisses zusammen mit einer Rückmeldung an das Subjekt zur Korrekturmaßnahme, um die Kollisi-
onsvermeidung in der SLS-Haltung zu verbessern.

5. Ein oder mehrere nichtflüchtige maschinenlesbare Informationsspeichermedien, die eine oder mehrere Anweisun-
gen umfassen, die, wenn sie von einem oder mehreren Hardwareprozessoren ausgeführt werden, ein Verfahren
veranlassen zum:

Überwachen eines Subjekts, das das Doppelaufgabenparadigma durchführt, wobei das Doppelaufgabenpara-
digma durch das Subjekt mit einer unteren Gliedmaße, von beiden Gliedmaßen des Subjekts, in vordefinierten
Intervallen für einen vordefinierten Zeitraum zum Schätzen eines neuronalen Zusammenspiels des Subjekts
durchgeführt wird, wobei das neuronale Zusammenspiel eine propriozeptive Anpassung des Subjekts in der
unteren Gliedmaße des Subjekts beinhaltet, während des Durchführens des Doppelaufgabenparadigma,
wobei das Doppelaufgabenparadigma umfasst:

Simulieren der Integration eines SLS-(Single Limb Stance)-Funktionalitätstests für die Haltungsstabilität
und eine Einzelgliedmaßen-Kollisionsvermeidungsaufgabe, in einer VR-(Virtual Reality)-Umgebung, die
dem Subjekt bereitgestellt wird, wobei das Subjekt auf einem Objekt in einer Überwachungsumgebung
positioniert ist, wobei das Subjekt mit einem von einem VR-Headset für eine immersive Umgebung und
einem Anzeigebildschirm für eine nicht-immersive Umgebung, EMG-(Electromyography)-Sensoren, die
auf Muskeln platziert sind, die Knöchelgelenken beider Gliedmaßen des Subjekts zugeordnet sind, ausge-
stattet ist, und wobei die Bewegung des Subjekts während des Durchführens des Doppelaufgabenpara-
digma unter Verwendung eines Satzes von Bewegungssensoren erfasst wird, die in der Überwachungs-
umgebung in einem vordefinierten Abstand vom Objekt platziert sind;
Empfangen von Daten, die dem Subjekt zugeordnet sind, das das Doppelaufgabenparadigma durchführt,
wobei die Daten Metadaten eines Avatars des Subjekts von einem von dem VR-Headset, wenn es sich in
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einer immersiven Umgebung befindet, und dem Anzeigebildschirm, wenn es sich in einer nicht-immersiven
Umgebung befindet, Daten von den EMG-Sensoren und Daten von dem Satz von Bewegungssensoren
umfassen, um eine Vielzahl von Modellparametern für das Subjekt zu schätzen, wobei die Vielzahl von
Modellparametern eine CoM-(Center of Mass)-Schwankung, eine Kollisionsrate, eine Trajektorienglätte-
variation und eine Muskelkoaktivierung des Subjekts für das Doppelaufgabenparadigma umfasst; und
Schätzen eines neuronalen Zusammenspiels des Subjekts basierend auf einer Aufgabe, die das Subjekt
unter der Haltungsstabilität und der Kollisionsvermeidung im Doppelaufgabenparadigma (206) priorisiert,
wobei die Aufgabe, die das Subjekt priorisiert, basierend auf der Variation der CoM-Schwankung, der
Kollisionsrate, der Trajektorienglättevariation und der Muskelkoaktivierung bestimmt wird, die für das Sub-
jekt gemäß dem Doppelaufgabenparadigma, das durch das Subjekt in den vordefinierten Intervallen für
den vordefinierten Zeitraum durchgeführt wird, geschätzt wird.

6. Ein oder mehrere nichtflüchtige maschinenlesbare Informationsspeichermedien nach Anspruch 5, wobei das Dop-
pelaufgabenparadigma, das den SLS-Funktionalitätstest für die Haltungsstabilität und die Einzelgliedmaßen-Kolli-
sionsvermeidungsaufgabe in der VR-Umgebung, die dem Subjekt bereitgestellt wird, integriert, ferner umfasst:

Anweisen des Subjekts, auf dem Objekt zu stehen, wobei beide Gliedmaßen auf dem Objekt ruhen;
Anzeigen, für das Subjekt, unter Verwendung des VR-Headsets, einer Spur von Steuerleitungen und Hinder-
nissen einer vordefinierten Höhe, die sich dem Avatar in der VR-Umgebung nähern;
Anweisen des Subjekts, die untere Gliedmaße für eine SLS-Haltung anzuheben, wenn beide Gliedmaßen des
Avatars eine Steuerleitung in der sich nähernden Spur berühren, und die SLS-Haltung zu halten, bis ein Hindernis
in der Spur durch den Avatar überquert wird; und
Benachrichtigen des Subjekts über Erfolg oder Misserfolg beim Beibehalten der SLS-Haltung und Überqueren
des Hindernisses zusammen mit einer Rückmeldung an das Subjekt zur Korrekturmaßnahme, um die Kollisi-
onsvermeidung in der SLS-Haltung zu verbessern.

Revendications

1. Procédé mis en oeuvre par processeur pour estimer une interaction neurale d’un sujet, dans lequel l’interaction
neurale implique une adaptation proprioceptive du sujet au cours d’un paradigme de double tâche, le procédé
comprenant les étapes ci-dessous consistant à :

surveiller, par le biais d’un ou plusieurs processeurs matériels (104), le sujet mettant en oeuvre le paradigme
de double tâche, dans lequel le paradigme de double tâche est mis en oeuvre par le sujet avec un membre
inférieur, à partir des deux membres du sujet, à des intervalles prédéfinis pendant une période de temps
prédéfinie pour estimer l’interaction neurale impliquant l’adaptation proprioceptive dans le membre inférieur du
sujet tout en mettant en oeuvre le paradigme de double tâche (202) ;
dans lequel le paradigme de double tâche comprend l’étape ci-dessous consistant à :

simuler l’intégration d’un test de fonctionnalité d’équilibre sur un seul membre (SLS) pour la stabilité posturale
et d’une tâche d’évitement de collision sur un seul membre, dans un environnement de réalité virtuelle (VR)
fourni au sujet, dans lequel le sujet est positionné sur un objet dans un environnement de surveillance,
dans lequel le sujet est équipé d’un casque de VR pour l’environnement immersif et d’un écran d’affichage
pour l’environnement non immersif, de capteurs électromyographiques (EMG) placés sur les muscles as-
sociés aux articulations de chevilles des deux membres du sujet, et dans lequel un mouvement du sujet
lors de la mise en oeuvre de paradigme de double tâche est détecté au moyen d’un ensemble de capteurs
de mouvement placés dans l’environnement de surveillance à une distance prédéfinie de l’objet ;
recevoir, par le biais dudit un ou desdits plusieurs processeurs matériels (104), des données associées au
sujet mettant en oeuvre le paradigme de double tâche, dans lesquelles les données comprennent des
métadonnées d’un avatar du sujet, provenant de l’un parmi le casque de VR dans l’environnement immersif
et l’écran d’affichage dans l’environnement non immersif, des données provenant des capteurs EMG, et
des données provenant de l’ensemble de capteurs de mouvement, afin d’estimer une pluralité de paramètres
de modèle pour le sujet, dans laquelle la pluralité de paramètres de modèle comprend un balancement de
centre de masse (CoM), un taux de collision, une variation de fluidité de trajectoire et une coactivation
musculaire du sujet pour le paradigme de double tâche (204) ; et
estimer, par le biais dudit un ou desdits plusieurs processeurs matériels (104), une interaction neurale du
sujet sur la base d’une tâche à laquelle le sujet donne la priorité parmi une stabilité posturale et un évitement
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de collision dans le paradigme de double tâche (206), dans laquelle la tâche à laquelle le sujet donne la
priorité est déterminée sur la base d’une variation du balancement de centre CoM, du taux de collision, de
la variation de fluidité de trajectoire et de la coactivation musculaire estimés pour le sujet conformément
au paradigme de double tâche mis en oeuvre par le sujet aux intervalles prédéfinis au cours de la période
de temps prédéfinie.

2. Procédé selon la revendication 1, dans lequel le paradigme de double tâche intégrant le test de fonctionnalité
d’équilibre SLS pour la stabilité posturale et la tâche d’évitement de collision sur un seul membre dans l’environne-
ment de VR fourni au sujet comprend en outre les étapes ci-dessous consistant à :

donner instruction au sujet de se tenir debout sur l’objet, avec les deux membres reposant sur l’objet ;
afficher au sujet, au moyen du casque de VR, une piste de lignes de contrôle et d’obstacles d’une hauteur
prédéfinie s’approchant de l’avatar dans l’environnement de VR ;
donner instruction au sujet de lever le membre inférieur pour adopter une posture d’équilibre SLS lorsque les
deux membres de l’avatar touchent une ligne de contrôle dans la piste en approche, et de maintenir la posture
d’équilibre SLS jusqu’à ce qu’un obstacle dans la piste soit franchi par l’avatar ; et
notifier au sujet la réussite ou l’échec du maintien de la posture d’équilibre SLS et du franchissement de l’obstacle,
et fournir un retour d’information au sujet afin qu’il prenne des mesures correctives visant à améliorer l’évitement
de collision dans la posture d’équilibre SLS.

3. Système (100) permettant d’estimer une interaction neurale d’un sujet, dans laquelle l’interaction neurale implique
une adaptation proprioceptive du sujet au cours d’un paradigme de double tâche, le système (100) comprenant :

une mémoire (102) stockant des instructions ;
une ou plusieurs interfaces d’entrée/sortie (I/O) (106) ; et
un ou plusieurs processeurs matériels (104), couplés à la mémoire (102) par l’intermédiaire de ladite une ou
desdites plusieurs interfaces de communication (106), dans lesquels ledit un ou lesdits plusieurs processeurs
matériels (104) sont configurés, par les instructions, de manière à mettre en oeuvre les étapes ci-dessous
consistant à :

surveiller un sujet mettant en oeuvre le paradigme de double tâche, dans lequel le paradigme de double
tâche est mis en oeuvre par le sujet avec un membre inférieur, à partir des deux membres du sujet, à des
intervalles prédéfinis pendant une période de temps prédéfinie pour estimer l’interaction neurale impliquant
l’adaptation proprioceptive dans le membre inférieur du sujet tout en mettant en oeuvre le paradigme de
double tâche ;
dans lequel le paradigme de double tâche comprend l’étape ci-dessous consistant à :

simuler l’intégration d’un test de fonctionnalité d’équilibre sur un seul membre (SLS) pour la stabilité
posturale et d’une tâche d’évitement de collision sur un seul membre, dans un environnement de réalité
virtuelle (VR) fourni au sujet, dans lequel le sujet est positionné sur un objet dans un environnement
de surveillance, dans lequel le sujet est équipé d’un casque de VR pour l’environnement immersif et
d’un écran d’affichage pour l’environnement non immersif, de capteurs électromyographiques (EMG)
placés sur les muscles associés aux articulations de chevilles des deux membres du sujet, et dans
lequel un mouvement du sujet lors de la mise en oeuvre de paradigme de double tâche est détecté au
moyen d’un ensemble de capteurs de mouvement placés dans l’environnement de surveillance à une
distance prédéfinie de l’objet ;
recevoir des données associées au sujet mettant en oeuvre le paradigme de double tâche, dans
lesquelles les données comprennent des métadonnées d’un avatar du sujet, provenant de l’un parmi
le casque de VR dans l’environnement immersif et l’écran d’affichage dans l’environnement non im-
mersif, des données provenant des capteurs EMG, et des données provenant de l’ensemble de capteurs
de mouvement, afin d’estimer une pluralité de paramètres de modèle pour le sujet, dans laquelle la
pluralité de paramètres de modèle comprend un balancement de centre de masse (CoM), un taux de
collision, une variation de fluidité de trajectoire et une coactivation musculaire du sujet pour le paradigme
de double tâche ; et
estimer une interaction neurale du sujet sur la base d’une tâche à laquelle le sujet donne la priorité
parmi une stabilité posturale et un évitement de collision dans le paradigme de double tâche (206),
dans laquelle la tâche à laquelle le sujet donne la priorité est déterminée sur la base d’une variation
du balancement de centre CoM, du taux de collision, de la variation de fluidité de trajectoire et de la
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coactivation musculaire estimés pour le sujet conformément au paradigme de double tâche mis en
oeuvre par le sujet aux intervalles prédéfinis au cours de la période de temps prédéfinie.

4. Système selon la revendication 3, dans lequel ledit un ou lesdits plusieurs processeurs matériels (104) sont configurés
de manière à mettre en oeuvre les étapes ci-dessous consistant à :

donner instruction au sujet de se tenir debout sur l’objet, avec les deux membres reposant sur l’objet ;
afficher au sujet, au moyen du casque de VR, une piste de lignes de contrôle et d’obstacles d’une hauteur
prédéfinie s’approchant de l’avatar dans l’environnement de VR ;
donner instruction au sujet de lever le membre inférieur pour adopter une posture d’équilibre SLS lorsque les
deux membres de l’avatar touchent une ligne de contrôle dans la piste en approche, et de maintenir la posture
d’équilibre SLS jusqu’à ce qu’un obstacle dans la piste soit franchi par l’avatar ; et
notifier au sujet la réussite ou l’échec du maintien de la posture d’équilibre SLS et du franchissement de l’obstacle,
et fournir un retour d’information au sujet afin qu’il prenne des mesures correctives visant à améliorer l’évitement
de collision dans la posture d’équilibre SLS.

5. Un ou plusieurs supports non transitoires de stockage d’informations lisibles par machine comprenant une ou
plusieurs instructions qui, lorsqu’elles sont exécutées par un ou plusieurs processeurs matériels, occasionnent la
mise en oeuvre d’un procédé comprenant les étapes ci-dessous consistant à :

surveiller un sujet mettant en oeuvre le paradigme de double tâche, dans lequel le paradigme de double tâche
est mis en oeuvre par le sujet avec un membre inférieur, à partir des deux membres du sujet, à des intervalles
prédéfinis pendant une période de temps prédéfinie pour estimer l’interaction neurale impliquant l’adaptation
proprioceptive dans le membre inférieur du sujet tout en mettant en oeuvre le paradigme de double tâche ;
dans lequel le paradigme de double tâche comprend l’étape ci-dessous consistant à :

simuler l’intégration d’un test de fonctionnalité d’équilibre sur un seul membre (SLS) pour la stabilité posturale
et d’une tâche d’évitement de collision sur un seul membre, dans un environnement de réalité virtuelle (VR)
fourni au sujet, dans lequel le sujet est positionné sur un objet dans un environnement de surveillance,
dans lequel le sujet est équipé d’un casque de VR pour l’environnement immersif et d’un écran d’affichage
pour l’environnement non immersif, de capteurs électromyographiques (EMG) placés sur les muscles as-
sociés aux articulations de chevilles des deux membres du sujet, et dans lequel un mouvement du sujet
lors de la mise en oeuvre de paradigme de double tâche est détecté au moyen d’un ensemble de capteurs
de mouvement placés dans l’environnement de surveillance à une distance prédéfinie de l’objet ;
recevoir des données associées au sujet mettant en oeuvre le paradigme de double tâche, dans lesquelles
les données comprennent des métadonnées d’un avatar du sujet, provenant de l’un parmi le casque de
VR dans l’environnement immersif et l’écran d’affichage dans l’environnement non immersif, des données
provenant des capteurs EMG, et des données provenant de l’ensemble de capteurs de mouvement, afin
d’estimer une pluralité de paramètres de modèle pour le sujet, dans laquelle la pluralité de paramètres de
modèle comprend un balancement de centre de masse (CoM), un taux de collision, une variation de fluidité
de trajectoire et une coactivation musculaire du sujet pour le paradigme de double tâche ; et
estimer une interaction neurale du sujet sur la base d’une tâche à laquelle le sujet donne la priorité parmi
une stabilité posturale et un évitement de collision dans le paradigme de double tâche (206), dans laquelle
la tâche à laquelle le sujet donne la priorité est déterminée sur la base d’une variation du balancement de
centre CoM, du taux de collision, de la variation de fluidité de trajectoire et de la coactivation musculaire
estimés pour le sujet conformément au paradigme de double tâche mis en oeuvre par le sujet aux intervalles
prédéfinis au cours de la période de temps prédéfinie.

6. Ledit un ou lesdits plusieurs supports non transitoires de stockage d’informations lisibles par machine selon la
revendication 5, dans lequel le paradigme de double tâche intégrant le test de fonctionnalité d’équilibre SLS pour
la stabilité posturale et la tâche d’évitement de collision sur un seul membre dans l’environnement de VR fourni au
sujet comprend en outre les étapes ci-dessous consistant à :

donner instruction au sujet de se tenir debout sur l’objet, avec les deux membres reposant sur l’objet ;
afficher au sujet, au moyen du casque de VR, une piste de lignes de contrôle et d’obstacles d’une hauteur
prédéfinie s’approchant de l’avatar dans l’environnement de VR ;
donner instruction au sujet de lever le membre inférieur pour adopter une posture d’équilibre SLS lorsque les
deux membres de l’avatar touchent une ligne de contrôle dans la piste en approche, et de maintenir la posture
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d’équilibre SLS jusqu’à ce qu’un obstacle dans la piste soit franchi par l’avatar ; et
notifier au sujet la réussite ou l’échec du maintien de la posture d’équilibre SLS et du franchissement de l’obstacle,
et fournir un retour d’information au sujet afin qu’il prenne des mesures correctives visant à améliorer l’évitement
de collision dans la posture d’équilibre SLS.
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